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1. [bookmark: _Ref165266342]Introduction
One of the objectives of MUSIM WID [1] is the following:
	2) Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose) [RAN2]:
· RAT Concurrency: Network A is NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx


[bookmark: OLE_LINK2][bookmark: OLE_LINK7][bookmark: OLE_LINK1]
In RAN2#113bis-e meeting, RAN2 reached the following agreements:

Agreements

1	Only support NAS-based busy indication (for IDLE and INACTIVE)

If SA2/CT1/RAN3 feedback indicates this is not possible, RAN2 can revert the agreement on NAS-based busy indication for INACTIVE.
Send LS to SA2, CT1, RAN3 (short email discussion) asking for feedback 

Agreements
	
1	RRC signalling is used for switching procedure without leaving RRC_CONNECTED state in network A for UE temporarily switching to network B as a baseline. FFS on additional need of MAC signalling.
2	During switching procedure for leaving RRC_CONNECTED state, UE is allowed to enter RRC_IDLE state if it does not receive response message from network within a certain configured time period. FFS for RRC_INACTIVE state. 

This contribution would like to discuss the open issues on the switching notification procedures.
2. Discussion
0. Switching procedure for leaving RRC_CONNECTED state
The signalling for switching procedure for leaving RRC_CONNECTED state is an open issue. It’s worth discussing the NAS-based and RRC-based solutions from two perspectives: “Support RRC Inactive state after Network Switching” and “Transfer assistant information for the MT restriction”.
Support RRC Inactive state after Network Switching
As agreed, during switching procedure for leaving RRC_CONNECTED state, UE is allowed to enter RRC_IDLE state if it does not receive response message from network within a certain configured time period. Whether and how to support RRC_INACTIVE state are FFS. 

RRC-based solution: 
As discussed in [3], the RRC based switching procedure in network A can be given by Figure 1. After receiving the Switching Notification message from UE, the network may initiate the RRC connection release procedure to transit a UE in RRC_CONNECTED to RRC_INACTIVE state.
The procedure in Figure 1 does not exclude reusing existing message (e.g. UEAssistanceInformation with ReleasePreference) as Switching Notification message.



Figure 1 RRC Signalling for Network Switching to enter RRC_INACTIVE state

NAS-based solution:
Here, UE sends switching notification via NAS signalling towards network A, and network A transits the UE to RRC_INACTIVE state. Take Figure 2 as an example, several steps are needed:
1. UE sends switching notification via NAS signaling, e.g. Service Request message, which contains release indication and/or release assistance info, and indicates prefer to enter RRC_INACTIVE state.
2. CN handles the switching notification message from UE. Because UE prefers to enter RRC_INACTIVE state, CN interworks with RAN to decide whether to move UE to CM_IDLE state or keep it in CM_CONNECTED state. In this use case, CN keeps UE in CM_CONNECTED state but interworks with RAN to transit UE to RRC_INACTIVE state. Effort is needed to define the interworking between CN and RAN, including RAN or CN to decide to make UE in RRC_INACTIVE. New N2 signaling for configuring RRC_INACTIVE state shall be defined.
3a. CN may send NAS response message, e.g. Service Accept.
3b. RAN sends RRCRelease message to UE, transits UE to RRC_INACTIVE state.



Figure 2 NAS Signalling for Network Switching to enter RRC_INACTIVE state
In the above steps, firstly, although UE indicates to the CN by NAS signalling its preference for going to RRC_INACTIVE, it should be finally decided by RAN whether to set the UE to RRC_ INACTIVE, thus NAS signalling is not a straightforward way and has unnecessary NG interface latency compared to RRC signalling. Secondly, NAS signalling needs the CN to request the RAN to move UE to RRC_INACTIVE, and then RAN may respond the final UE’s RRC state to the CN. This interworking between CN and RAN may impact SA2 and RAN3 but no clear benefit is foreseen.
Compare above NAS and RRC based solutions, we can observe that NAS signalling brings more complexity and latency than RRC signalling due to additional CN-RAN interworking, if UE intends to be released to RRC_INACTIVE. 
Observation 1: NAS signalling brings more standard effort, complexity, and latency than RRC signalling to transit UE to RRC_INACTIVE state.
Hence, for supporting the RRC_INACTIVE state after Network Switching, using RRC signalling is a reasonable choice.

Transfer assistant information for the MT restriction
During technical analysis of NAS vs. RRC signalling for switching procedure in [2], some companies mentioned MT handling information, i.e. NAS release assistance information for MT data/signalling handling, which allows selective suspension of PDU sessions in network A. 
As for the NAS assistance information for MT handling, if it is needed, it is feasible to transmit them via NAS or RRC based signaling. We may check the RRC or NAS based solutions for this topic.

NAS-based solution: 
Figure 3 shows an example. UE transfers NAS release assistance information for MT data/signalling handling via NAS signalling, i.e. Service Request message.


Figure 3 NAS assistance information for MT handling via NAS Signalling
RRC-based Solution: 
If the NAS assistance information for MT handling is needed, it is feasible to transmit them as a container in the RRC signaling. For example, in Figure 4, UE sends switching notification message with NAS assistance info in a NAS message container. RAN transfers the MT handling info to AMF.



Figure 4 NAS assistance information for MT handling via RRC Signalling
Compare above NAS and RRC based solutions for NAS assistance information transferring, it is easy to use a NAS message container to include the MT restriction information (if needed) in the RRC signalling. The complexity is not a critical issue.
Observation 2: It’s feasible to use a NAS message container to include the MT restriction information (if needed) in the RRC signaling. The complexity is limited.
Therefore, if the NAS assistance information for MT handling is needed, RAN2 can discuss using a NAS message container to include the MT restriction information (if needed) in the RRC signaling.
In [2], we have discussed the Pros/Cons. Based on the above observations, the Pros/Cons can be further summarized as follows:
Table 1: summary of Pros/Cons of RRC based and NAS based solution
	Signaling Level
	Pros
	Cons

	RRC based signalling
	1. RRC based solution has lower latency. The requirements that any MUSIM switching has to satisfy (lower latency, delay sensitivity) make the RRC based approach more preferable.
2. A unified procedure for both long time switching and short time switching in 5GS is preferred. A unified RRC solution for both keeping and leaving RRC_CONNECTED state only has RAN impact. It’s flexible to network deployment.
3. The existing RRC-based UE assistance information signaling framework can be reused, or expanded for the case of MUSIM to provide additional information to the NW (e.g. duration of switching, preferred RRC state, etc.) to develop an efficient MUSIM switching framework.
4. For the RRC_INACTIVE state, using RRC signaling is the reasonable choice.
	1. Different switching procedures for EPS, NR/5GS, and E-UTRA/5GS.
Note: It’s feasible to use a NAS message container to include the MT restriction information (if needed) in the RRC signaling. The complexity is limited

	NAS based signaling
	1. Allow common switching procedure for EPS as well as NR/5GS and E-UTRA/5GS, and assistance information defined for EPS can be reused in NR/5GS and E-UTRA/5GS.
2. The UE would bring assistance information for the MT restriction defined by SA2. Limited RAN impacts and no RAN2 specs impact are expected. 
3. CN needs to be informed if a UE performs a long-time switch. There would be anyway NAS impact.
4. If the service in Network B is not time-sensitive, the NAS based switching is preferred in terms of providing MT data handling information.
	1. NAS based solution leads to uncertain latency or longer latency than RRC based signaling.
2. Complex for the operators to upgrade both RAN and CN.
3. NAS signalling brings more effort, complexity, and latency than RRC signalling to transit UE to RRC_INACTIVE state.



Therefore, based on the above analysis, using RRC signaling is the reasonable choice for switching procedure for leaving RRC_CONNECTED state.
Proposal 1: RRC based signalling is used to support switching procedure for leaving RRC_CONNECTED. 
0. Switching procedure without leaving RRC_CONNECTED state
At RAN2#113bis-e meeting, RAN2 reached the following agreement:
Agreements
	
1	RRC signalling is used for switching procedure without leaving RRC_CONNECTED state in network A for UE temporarily switching to network B as a baseline. FFS on additional need of MAC signalling.

The switching procedure without leaving RRC_CONNECTED state can contain the switching notification message and RRC Reconfiguration message to configure gaps. In this section, we will discuss the open issues, including gap requirement, gap configuration, and whether additional MAC signalling is needed.
Gap Pattern Requirement
Gap can be used for UE to perform paging reception on network B. Considering the paging receptions are periodic behaviors with fixed time positions, the configured gap shall cover the paging reception at least. Hence, UE is needed to provide necessary gap requirement information to network A, such as 
· Indication of Need for Gap e.g. UE may need for gap or disable the need for gap (e.g. if the other SIM is disabled)
· The gap pattern request, e.g. gap start time, gap repetition period, etc;

The gap pattern depends on the activities on network B to be performed in the gap, such as Paging reception, serving cell measurement, and neighbor cell measurements, etc.



Figure 5 Gap pattern for Paging Reception
As shown in Figure 5, UE needs to switch to network B for paging reception and serving cell measurement. The gap start time shall be earlier than the SSB burst reception before PO. Gap repetition period can at least cover the paging DRX period on network B. The gap length shall be enough for UE to perform paging reception and serving cell measurement. 



Figure 6 Gap pattern for Paging Reception and Neighbour cell measurements
As shown in Figure 6, UE needs to switch to network B for paging reception and neighbor cell measurements. In the low SINR case, the neighbor cell measurements are triggered, and it may take more SSB bursts for the synchronization and serving cell measurement. The neighbor cell measurements are usually scheduled periodically after the paging reception.
The gap pattern should cover the execution time of serving cell measurement and paging reception on network B at least. In the high SINR case, as shown in Figure 5, the required time for serving cell measurement and paging reception may be nearly 20ms in the worst case. In the low SINR case, the required time is even longer.
Observation 3: The gap pattern requirement depends on the activities on network B, e.g. paging and measurements.

Due to the gap pattern requirement for Multi-SIM purpose, UE needs to send gap pattern assistant information in the switching request message to network A, such as gap repetition period and gap start time etc.
Proposal 2: During switching procedure without leaving RRC_CONNECTED state, UE sends gap pattern assistant information (e.g. gap repetition period and gap start time, etc) to network A for Multi-SIM purpose.

Gap Configuration
Here, we further discuss how to configure gaps for Multi-SIM purposes.
The network provides the gap configuration via RRCReconfiguration message. The existing gap in which UE could perform measurements includes measurement gap and DRX off duration. 
Table 2 Gap Comparative Analysis
	Gap Type
	Gap Length
	Gap Repetition Period

	Measurement Gap 
	The gap length of the measurement gap is in the range of {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6, ms10, ms20}.
	The gap repetition of the measurement gap is in the range of {ms20, ms40, ms80, ms160}.

	DRX Off
	The duration of DRX Off is up to the short/long cycle, which depends on the data transfer status.
	Long cycle values: 
{ms10, ms20, ms32, ms40, ms60, ms64, ms70, ms80, ms128, ms160, ms256, ms320, ms512, ms640, ms1024, ms1280, ms2048, ms2560, ms5120, ms10240}
Short Cycle values:
{ms2, ms3, ms4, ms5, ms6, ms7, ms8, ms10, ms14, ms16, ms20, ms30, ms32,                                                ms35, ms40, ms64, ms80, ms128, ms160, ms256, ms320, ms512, ms640}

	Multi-SIM gap pattern 
	The gap for Multi-SIM purpose should be long enough for UE to perform paging reception and some measurements if any. 
	Gap repetition period can at least cover the paging DRX period on network B, which is in the range of {ms320, ms640, ms1280, ms2560}.

	Note: the gap configuration information for Measurement Gap and DRX off come from TS38.331 



As per the above comparative analysis in Table 2, we can observe that:
The gap pattern for Multi-SIM purpose should cover at least serving cell measurement and paging reception, which is nearly 20ms in the high SINR case as shown in Figure 5. As Table 2 shows, the gap length of the measurement gap is up to 20ms, which is difficult to cover the paging reception and possible measurement activities. If we extend the gap length of measurement gap, considering the gap repetition period of the measurement gap is much shorter than the Multi-SIM gap pattern, it will harm the data throughput rate on network A. Even if we extend both the gap length and the gap repetition period of the measurement gap to match Multi-SIM purpose, the extended configuration maybe not suitable for UE to performing measurement.
Observation 4: The existing measurement gap cannot match the gap pattern requirement for Multi-SIM.
It was proposed that Multi-SIM reception in network B can be performed in the duration of DRX off period in network A, but the gap start time of the DRX off depends on the data transfer status, which means the gap start time for paging reception can not be guaranteed. 
Observation 5: The existing DRX Off period cannot match the gap pattern requirement for Multi-SIM.
Because the existing mechanism of measurement gap and DRX off duration cannot meet the requirement of the Multi-SIM gap pattern, dedicated gap configuration for Multi-SIM purpose should be introduced. Multi-SIM gap can be separately configured in the same RRCReconfiguration message together with existing gaps.  
Proposal 3: A dedicated gap configuration for Multi-SIM purpose should be introduced.

Additional need of MAC signalling
As per above analysis, the UE needs to send gap pattern assistant information in the switching request message to network A. And the UE shall receive gap configuration in RRCReconfiguration message. Generally, the gap request and gap configuration can be supported via RRC signalling. Whether additional MAC signalling is needed, we may have a case-by-case check. 
Case1: Periodic gaps, e.g. for paging reception on network B. The UE shall send gap pattern assistant information in advance before the activity execution on network B, which means there should be no latency concern. RRC signalling for switching request message is a reasonable choice.
Case2: Aperiodic gaps, such as cell reselection, registration procedure on network B. Considering the execution of these aperiodic activities are flexible and infrequent, it’s reasonable for UE to request one-shot gap only when necessary. On the contrary, If the network configures gap resources for UE in advance for infrequent aperiodic activities, the gap resource may be not fit for the aperiodic activities, further gap activation/deactivation operations are needed, which may cause resource wastage. Hence, using MAC signalling to activate the assigned gap seems inefficient. 
Moreover, additional MAC signalling for gap configuration and usage brings complex gap design, which impacts both network and UE. RRC signalling is enough to support gap request and gap configuration for Multi-SIM purpose. Therefore, we propose:
Proposal 4: Additional MAC signalling is not needed for switching procedure without leaving RRC_CONNECTED state.

Considering similar gap pattern information is required for periodic and aperiodic switching, common switching notification with gap pattern request can be used for both periodic and aperiodic switching. Different from periodic short-time switching, we can set the gap repetition period as invalid for aperiodic switching procedure.
Proposal 5: Common switching procedure is used for periodic and aperiodic activities on network B without leaving RRC_CONNECTED state in network A. 

0. Busy indication in RRC_INACTIVE state
In RAN2#113bis-e, we have achieved below agreements:
Agreements

1	Only support NAS-based busy indication (for IDLE and INACTIVE)
If SA2/CT1/RAN3 feedback indicates this is not possible, RAN2 can revert the agreement on NAS-based busy indication for INACTIVE.
Send LS to SA2, CT1, RAN3 (short email discussion) asking for feedback 

As per agreement, if only NAS-based busy indication is supported for RRC_INACTIVE, UE should send the paging cause to NAS upon receiving RAN initiated paging with paging cause. Then, instead of directly initiating RRC Connection Resume procedure(current behavior), UE should wait for NAS indication to initiate the RRC Connection Resume procedure, this is the possible impact to RRC resume procedure. 
If NAS-based Busy indication for RRC_INACTIVE is not feasible, the possible AS-centric options that have been discussed in email[4] can be further considered, e.g. using resume procedure to respond for RAN paging. The general RRC procedure of sending Busy Indication in RRC_INACTIVE state includes: UE sends busy indication in the RRC resume request message, and the network confirms the busy indication via RRC Release message.  
However, UE may decide not to send the Busy Indication message due to UE implementation constraints. This is same as NAS-Based busy indication for RRC_IDLE.
Hence, if other WGs indicate NAS-based busy indication is not feasible to respond RAN paging, we propose that:
Proposal 6: If other WGs indicate NAS-based busy indication is not feasible to respond RAN paging, a UE may send a Busy Indication via RRC connection resume request message to network unless it is unable to do so e.g. due to UE implementation constraints.

0. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Decision between switching procedures for leaving and without leaving RRC_CONNECTED state
At RAN2#113-e meeting, RAN2 reached the following agreements:
The switching procedure can be used to notify network A that the UE has a preference to be kept in RRC_CONNECTED state in network A while temporarily switching to network B.
Switching procedure can be used to notify network A that the UE has a preference to leave RRC_CONNECTED state in network A.  

The switching procedure is initiated by the UE to report its preference to leave RRC_CONNECTED state or be kept in RRC_CONNECTED state in network A. the UE decides the initiation for specific switching procedures, and, Network decides the final RRC state(leaving or keeping in RRC_CONNECTED). 
“NW-configured gap threshold” was mentioned in [5] to assist UE to make decision between switching procedures for leaving and without leaving RRC_CONNECTED state. If the estimated time is less than NW-configured gap threshold, UE may decide to initiate switching procedures without leaving RRC_CONNECTED state. Considering UE cannot exactly estimate its leaving duration, it’s difficult for UE to compare the rough estimated time with “NW-configured gap threshold”. it’s more reasonable for UE to report its preference by UE implementation.
In a word, the initiation of specific switching procedures should be up to UE implementation, not based on NW-configured gap threshold.
Proposal 7: The decision between switching procedures for leaving and without leaving RRC_CONNECTED state is up to UE implementation (not based on NW-configured gap threshold).

It is not clear whether MUSIM UEs are allowed to stay in RRC_ CONNECTED in both network A and B simultaneously. For example, it may be preferred for one MUSIM UE to send busy indication or performing TAU in network B while keeping in RRC_ CONNECTED in network A to minimize the interruption of ongoing service. In our understanding, the UE could request gaps in network A to enable activities in network B in this use case. Hence, it’s possible for the UE to use the switching procedure for keeping RRC_ CONNECTED state in network A in case the UE needs to enter the RRC_CONNECTED state in network B temporarily.
Proposal 8: To minimize the interruption of ongoing service in network A, UE is allowed to stay in RRC_ CONNECTED in network A while entering the RRC_ CONNECTED state in network B for short time activities, e.g. sending busy indication, performing TAU, etc. The switching procedure for keeping RRC_CONNECTED state can be used by the UE to get permission for short leave from network A.
3. Conclusions
In this contribution, we discussed the open issues for UE notification on network switching for multi-SIM. Based on the discussion, we have the following observation and proposals:
Switching procedure for leaving RRC_CONNECTED state
Observation 1: NAS signalling brings more standard effort, complexity, and latency than RRC signalling to transit UE to RRC_INACTIVE state.
Observation 2: It’s feasible to use a NAS message container to include the MT restriction information (if needed) in the RRC signaling. The complexity is limited.

Proposal 1: RRC based signalling is used to support switching procedure for leaving RRC_CONNECTED. 
Switching procedure without leaving RRC_CONNECTED state
Observation 3: The gap pattern requirement depends on the activities on network B, e.g. paging and measurements.
Observation 4: The existing measurement gap cannot match the gap pattern requirement for Multi-SIM.
Observation 5: The existing DRX Off period cannot match the gap pattern requirement for Multi-SIM.

Proposal 2: During switching procedure without leaving RRC_CONNECTED state, UE sends gap pattern assistant information (e.g. gap repetition period and gap start time, etc) to network A for Multi-SIM purpose.
Proposal 3: A dedicated gap configuration for Multi-SIM purpose should be introduced.
Proposal 4: Additional MAC signalling is not needed for switching procedure without leaving RRC_CONNECTED state.
Proposal 5: Common switching procedure is used for periodic and aperiodic activities on network B without leaving RRC_CONNECTED state in network A. 
Busy indication in RRC_INACTIVE state
Proposal 6: If other WGs indicate NAS-based busy indication is not feasible to respond RAN paging, a UE may send a BUSY Indication via RRC connection resume request message to network unless it is unable to do so e.g. due to UE implementation constraints.
Decision between switching procedures for leaving and without leaving RRC_CONNECTED state
Proposal 7: The decision between switching procedures for leaving and without leaving RRC_CONNECTED state is up to UE implementation (not based on NW-configured gap threshold).
Proposal 8: [bookmark: _GoBack]To minimize the interruption of ongoing service in network A, UE is allowed to stay in RRC_ CONNECTED in network A while entering the RRC_ CONNECTED state in network B for short time activities, e.g. sending busy indication, performing TAU, etc. The switching procedure for keeping RRC_CONNECTED state can be used by the UE to get permission for short leave from network A.
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